Abstract. Many airports are being expanded from transportation centers to economic hubs. This new type of urban area has been termed the aerotropolis or airport metropolis and is meant to function as an economic center with land-use that link local and global markets. However, to find the optimal means for developing an aerotropolis requires additional research, particularly from the viewpoint of long-term public policy and planning. In this study, a multiple criteria decision making model was applied to explore the key factors for successfully building an aerotropolis. We first applied the Decision-making Trial and Evaluation Laboratory based Analytical Network Process to construct the complex system and influential weights. A modified VIKOR method was then utilized to explore the gaps between the aspiration levels and the current situation. In addition, considering the uncertainty of decision-makers, fuzzy theory was integrated into the model. Data from the Taoyuan Aerotropolis in Taiwan were used to demonstrate this method. The results indicate that internationalization is the most crucial factor within the system, and that administrative efficiency has the highest degree of net influence. The largest weighted gap to the examined aspiration level is adequate regulation. Management implications are provided in the discussion.
Introduction
An aerotropolis is an urban subregion whose infrastructure, land-use, and economy are centered on an airport. Its primary value proposition is that it offers businesses speedy connectivity to their suppliers, customers, and enterprise partners nationally and worldwide, increasing both firm and regional efficiency (Kasarda 2014) . The aerotropolis has increasingly become a portal to national and regional economic growth (Canaday 2000) . The changing role and criticality of the airport to the national economy are highly significant. At the global level, air travel is expected to increase "between 200% and 300% between 2000 and 2030 " (UK Department for Transport 2003 . The creation of an aerotropolis can increase air transport demand and develop an airport's surrounding industries. Airport development strategy increasingly tends to extend the aerotropolis to stimulate new investment, foster employment, and create new business opportunities (Yeo et al. 2013) .
Because of the advantages airports provide in the fast-paced global network economy, the aerotropolis is becoming attractive to businesses, particularly those dealing in international business and trade. Many airports (e.g., Amsterdam Schiphol, Singapore Changi, and Dallas-Fort Worth) have established real estate or property divisions to develop their landside commercial areas and foster development beyond airport boundaries. This new operational structure demonstrates that the airport is evolving from basic aeronautical infrastructure into a complex multifunctional enterprise that serves both aeronautical needs and commercial development (Kasarda 2006) . However, the extension of the airport from air transport depot to international business hub is not without problems. In particular, managers who overemphasize physical infrastructure may fail to acknowledge the importance of social infrastructure and connectivity as essential elements of this new identity. Although the development of such a subregion has become an economic generator for some cities, prior studies regarding how to develop a successful aerotropolis are still relatively scare. The literature directly or indirectly related to how to develop an aerotropolis is limited. The focus in earlier studies has mainly been on the definition of the aerotropolis (Kasarda 2005 (Kasarda , 2006 Charles et al. 2007; Keast et al. 2008) although there have recently been some studies which have applied qualitative methods to discuss the key factors for successful development (Wang, Hong 2011; Skouloudis et al. 2012) . Yeo et al. (2013) did carry out a study where they applied a quantitative analysis method, multiple criteria decision-making (MCDM), but they neglected the interdependency of the system. Therefore, this study proposes an integrated MCDM method aimed at resolve two key questions. What are the key factors for developing a successful aerotropolis and what are the gaps between the current performance and aspirations for the developing aerotropolis?
The proposed model considers multiple criteria and uses the Decision-making Trial and Evaluation Laboratory (DEMATEL) based Analytical Network Process (DANP) (Peng, Tzeng 2013; Shen et al. 2014; Tsui et al. 2015) to construct an influence network relationship map (INRM) and determine the influential weights of factors for an aerotropolis. Then, we apply a modified VIKOR method (You et al. 2015; Shen et al. 2014) to establish the weighted gaps in priorities between performance and aspiration levels. The DANP method is used because it is effective at building the complex relationships between factors and at deriving the factor weights without further investigation (Liou et al. 2014) . To avoid the shortcomings of the traditional VIKOR method, it is modified by replacing the relatively good choices with the aspiration levels so as to avoid the "stop-gap piecemeal" complication (Liou et al. 2016; Peng, Tzeng 2013) . Furthermore, human judgments are often vague and complex, making it hard for decision makers to evaluate their preferences using an exact scale. Linguistic assessments can only be given instead of exact assessments. Therefore, fuzzy set theory is introduced into the proposed MCDM framework to solve such uncertainty problems (Xu, Yager 2008; Liu et al. 2015a Liu et al. , 2015b . To the best of our knowledge, this is the first paper to apply the DANP and modified VIKOR models to aerotropolis analysis while also considering information uncertainty.
This new hybrid MCDM model offers a method showing improvements and gaps that can solve the real world problems of transforming an airport into an aerotropolis. The contribution of this work is that it offers a quantitative model that can aid practitioners not only to identify the key factors for developing a successful aerotropolis but also to determine directions for improvement, according to gap analysis and INRM. This study employs data from Taiwan's Taoyuan Aerotropolis to demonstrate the model. The remainder of this paper is organized as follows. Section 1 introduces a brief review of the literature on the topic. Section 2 proposes the DANP and VIKOR methods in combination with the uncertain inputs used to prioritize the gaps for improvement. Section 3 demonstrates this proposed method with an empirical example by using data from Taoyuan Aerotropolis. Section 4 presents discussions on these matters and, finally, the last Section presents conclusions and closing remarks.
Literature review
Experts agree that the 21st century will be dominated by air transport, for both the domestic and international carriage of passengers and cargo. The airport, as a driver of regional growth, becomes more than merely a regional gateway; it functions as a city in itself, with living spaces for workers and their families, factories relying on airborne inputs and service industries located around the airport, and major road and rail infrastructure connections (Charles et al. 2007) . However, the questions of how to define this new type of "airport city" and what are its main elements or functions are yet to be adequately addressed. Kasarda (2005 Kasarda ( , 2006 first promoted the aerotropolis concept but left the definition vague. Subsequent uses of the word have had different connotations. At times, "aerotropolis" refers to a busy hub airport -as when the Hong Kong or Memphis airports are referred to as aerotropolises. At other times, it refers to an aviation-intensive global economy -as when intercontinental supply chains are mapped. There are three terms with definitions that are distinct from busy hub airports and aviation-intensity per se: that of airport city, ground-based trade facilitation, and mega-region (Appold 2013) . In research summarized below, "an aerotropolis is an urban complex whose layout, infrastructure, and economy are centered on an airport. Analogous in shape to the traditional metropolis made up of a central city and its rings of commuter-heavy suburbs, the aerotropolis consists of an airport city core and outlying corridors and clusters of aviation-linked businesses and associated residential developments" (Kasarda 2006) . Today, the aerotropolis has become an economic generator and a gateway to international destinations and global markets that link regions. This requires specific industry clustering and infrastructure to provide the necessary support for global competition ( Keast et al. 2008) . Furthermore, the aerotropolis can attract a range of producer service firms whose executives and professionals frequently travel to distant sites or who bring in their clients by air for short-term visits.
Although the aerotropolis phenomenon has been discussed in many articles in the media, academic discussions of it have been relatively few. Stevens et al. (2010) produced a model of the factors integral for evaluating the competitiveness of aerotropolises, including economic development, land-use, infrastructure, and governance. Furthermore, Baker and Freestone (2010) indicated that land development and cost are critical problems faced by stakeholders. Wang and Hong (2011) introduced the following competitiveness criteria: industrial diversification, aggressive construction, trade liberation, regulation rationalization, environmental convenience, globalized operations, and business management. Skouloudis et al. (2012) found that the indicators for a successful aerotropolis should include economic (economic indicators), environmental (environmental indicators), and social (labor practices and decent work, human rights, society, and product responsibility) factors. Yeo et al. (2013) used a MCDM model to evaluate the competitiveness of aerotropolises in East Asia, but they assumed the evaluation criteria to be independent. The afore-mentioned factors and their definitions are summarized in Table 1 . Our model is based on the above factors and the actual environment in Taiwan. These articles have made great contributions to the academic literature, but none has considered the complex relationships between the factors and their importance. Because building a successful aerotropolis involves many stakeholders, the aggregation of those diverse and vague opinions is an important consideration. In addition, for a developing aerotropolis, the directions for improvement that can realize aspirations are crucial for decision makers. This study provides a hybrid MCDM model intended to answer the questions of improving directions and the vague opinions. The proposed methodology is introduced in next section. et al. (2013) Geographic location
Whether the aerotropolis has a superior geographic location to attract passengers, cargo and companies.
Jayalath and Bandara (2001); Yeo et al. (2013) 
Methodology
This section introduces a fuzzy DEMATEL-based Analytic Network Process (ANP) method for constructing the interdependent structure of factors and obtaining their influential weights. The fuzzy VIKOR method was used to analyze the weighted gaps. Doing so can enable decision makers to understand the complex relationships between factors and the key considerations in building a successful aerotropolis.
Fuzzy DEMATEL
To understand the interdependencies among key success factors, we first apply fuzzy logic and DEMATEL to build the network relationship.
Step 1. Build the direct influence matrix (  A ) according to linguistic variables The Triangle Fuzzy Numbers (TFNs) and linguistic variables used in this study are shown in Table 2 . The pairwise interaction between any two factors is denoted by ij a  and is given a TFN score ranging from 0 to 1 (Table 2 ). The scores from each expert give us an n×n non- 
Step 2. Normalize the initial fuzzy influence matrix A normalized initial fuzzy influence matrix (  N ) is obtained by dividing the direct average matrix  A by s  according to the ratios given in Eq. (2). Through the calculation of Eq. (2), the normalized matrix can be represented by three crisp matrices N l , N m , and N u .
, ,
Step 3. Derive the fuzzy total influence matrix A continuous decrease of the indirect effects of problems along the powers of matrix  N guarantees convergent solutions to the matrix inversion in a manner similar to that of an absorbing Markov chain matrix (Liou et al. 2014; Wang, Tzeng 2012) . The total relation matrix  T is a n×n matrix.
Step 4. Build the fuzzy influence network relationship We can define the sum of rows and sum of columns separately denoted as vectors  i r and
, respectively, within the total-influence matrix  T through Eqs. (4) and (5), then ( )
where i, j Î {1, 2,…, n} and let i = j, then
where superscript ′ denotes transpose.
Suppose i r  denotes the row sum of the i-th row matrix  T ; then, i r  denotes the sum of direct and indirect effects of criterion i on the other criteria. Suppose i d  denotes the column sum of the j-th column of matrix  T ; then, i d  denotes the sum of direct and indirect effects that criterion j has received from the other criteria. If
) is positive, then criterion i affects other criteria, and if
) is negative, then criterion i receives influence from other criteria.
Fuzzy DEMATEL-based ANP
In ANP procedures, the initial step is to tabulate pairwise comparisons of all the criteria in the whole system to form an unweighted supermatrix. The weighted supermatrix is then derived by transforming each column to sum exactly to unity (1.00). This paper adopts the DEMATEL technique to determine the degrees of influence of these criteria, and the procedures can be summarized as the following steps.
Step 1 ( ) , , ; 
Step 2 ( )
Only the lower bound matrix is shown in Eq. (12); however, the middle and upper bound matrices can be derived using the same procedures. 
The elements of C α T can be found using an example of submatrix 11 lC α T , as shown in Eqs. (13) and (14). 
The unweighted supermatrices ( C  W and D  W ) for criteria and dimensions can be derived from Eqs. (15) and (16). 
( .
One element of these unweighted supermatrices is illustrated in Eq. (17). 
Step 3. Creating the weighted supermatrix ( α  W ) According to C  W and D  W , the fuzzy weighted supermatrix α  W can be calculated using Eq. (18). It should be noted that this weighted supermatrix considers the different degrees of influence between dimensions which is different from the original ANP method. 
Step 4. Limiting supermatrix ( *  W ) The weighted supermatrix can be raised to limiting powers until the supermatrix has converged and become a long-term stable supermatrix.
lim (
) .
Using the fuzzy VIKOR method to find the weighted gap values
In this study, the VIKOR method shows how to set the strategic systems to improve and reduce the gaps from existing performance-values. Development of the VIKOR method began with the following traditional additive form of the L v -metric (Tzeng et al. 2002) :
where 1 ≤ v ≤ ∞; k = 1, 2,… m and the influence weight j w  is derived from the DANP. For the ranking and weighting gaps, the measures 1
The compromise solution min v k k L shows the aggregated gap-ratio to be minimized by the additive form, as given in Eq. (21). For the criterion in each dimension, v k L =∞  shows the priority for improvement of the maximal gap-ratio; this is shown for all criteria by Eq. (22). In this study, we modified the original approach and set the best * j f values to be the aspiration levels and the worst j f − values as the tolerable levels for all criterion functions, j = 1, 2,…n., and all the values are expressed as TFNs to reflect this problem's uncertainty.
In this study, we represent i S  (group utility) and i Q  (maximum regret) according to Eqs. 
where 0 ≤ γ ≤ 1; γ > 0.5 indicates that S  is emphasized more than Q  , whereas γ < 0.5 indicates that Q  is emphasized more than S  .
Defuzzification
After deriving the weighted gaps for lower, middle, and upper bounds, we defuzzify the fuzzy weighted gaps. In this paper, we choose the center of area defuzzification method to determine the best nonfuzzy performance (BNP) value of our fuzzy numbers because it is simple and practical. The BNP value of the fuzzy number can be calculated as Eq. (24) (Chen et al. 2011) .
Taiwan aerotropolis case study
Although an airport can provide striking advantages, an aerotropolis can provide overwhelming advantages in today's fast-paced global network economy; thus the aerotropolis phenomenon is becoming conspicuously attractive to businesses, particularly those dealing in international business and trade. For sectors ranging from pharmaceuticals to semiconductor fabrication to management consulting, the reasons to locate near airports have become evident as customers and suppliers have spanned around the globe. Taiwan is a small island, renowned in global electronics supply chains; electronics exports comprise more than 70% of Taiwan's GDP. The short life cycle of electronic designs is a crucial characteristic of electronic products. Electronic product manufacturers require efficient production and logistics systems to manufacture and deliver products to customers around the world. Because an aerotropolis would be a boon for Taiwanese industries, the Taiwan government began the Taoyuan Aerotropolis project in 2010. The government first privatized the Taiwan Taoyuan International Airport and established Taoyuan Aerotropolis Company to integrate and manage the different resources and stakeholders. However, the project has faced numerous problems, including land expropriation difficulties, inadequate regulation, and insufficient infrastructure. At present, it is vital that the Taiwan government understand the key factors for success and the directions in which the project must improve so that the aerotropolis will achieve the goals to which the stakeholders aspire. The Taiwan government must make effective strategic decisions to develop the aerotropolis successfully.
Identify factors for developing the aerotropolis
Because the aerotropolis is an emerging phenomenon, no consensus exists among researchers and practitioners regarding the factors that determine the success or failure of an aerotropolis project. In this study, the criteria for a successful project are constructed in two steps: a literature review and case-based survey. The first step considers the aerotropolis qualities that are widely believed be relevant. From a review of numerous articles discussing aerotropolises (e.g., Kasarda 2005 Kasarda , 2006 Kasarda , 2014 Stevens et al. 2010; Hong 2011; Freestone et al. 2011; Skouloudis et al. 2012; Yeo et al. 2013; Kratzsch, Sieg 2011) , 26 significant factors were identified and classified in four dimensions, each with six to eight factors. After consulting with three experts (one from Taoyuan International Airport Corporation, one from Taoyuan Aerotropolis Company, and one from the Taiwan government), we modi-fied and added some factors to reflect the particular details of the operational environment in Taiwan. In the second step, through a questionnaire, we asked 13 experts from related departments (i.e., government, industries, airport) to rank the importance of each criterion with respect to the development of a successful aerotropolis. All experts consulted in this study had more than 5 years working experience in the development of the aerotropolis in Taiwan. Some of them have worked for the Taoyuan Aerotropolis since the government first launched the project. They were thus able to reflect on real situations at the current stage of development. In the questionnaire, the experts of different departments were asked to rate the importance levels of criteria on a 6-point scale ranging from 0 (no effect) to 5 (extremely important). Finally, the highest scoring criteria in each dimension were extracted and confirmed by managers and experts. These criteria were then used to construct a system for assessing the aerotropolis. Based on this evaluation process, the evaluation factors within each dimension were identified, as shown in Table 3 . The system includes five dimensions and 15 factors, all of which are introduced briefly as follows. When an enterprise wants to establish a presence in the aerotropolis, the required budgets for land, labor, and utilities are classified as the dimension of "cost. " The "government" dimension includes the notions that the Taiwan government intends to provide the necessary preferential program that will attract enterprises to move in, and that the government will establish regulations to manage the operation of the aerotropolis. The "infrastructure" comprises the airport, air routes, free port zone, and ground transportation system. The factors of industrialization and internationalization are classified as the "business environment. " The operation model, enterprise recruitment, and professional personnel in Taoyuan Aerotropolis Company are all classified as "management. " The processes or activities of finding and inviting the best-qualified enterprises to Taoyuan Aerotropolis in a timely and cost-effective manner Professional personnel (C 53 )
Taoyuan Aerotropolis Company has enough professional employees to manage the aerotropolis and make profit
Measure the relationships between factors
According to the evaluating system summarized in Table 3 and the DANP procedures described in Section 3, experts and managers were asked to evaluate the degrees of influence of the relationships among the factors using the linguistic variables ( Table 2 ). The average initial direct-relation matrix  A was a 15 × 15 matrix, obtained by pairwise comparisons, in terms of the directional influences between factors (see Appendix). Because linguistic variables were used in the survey, those linguistic variables were then transformed into fuzzy numbers according to Table 2 . The normalized direct-relation matrix  N was calculated through Eq. (2). Then, using Eq. (3), the total-influence matrix  T was derived. Eq. (4) and (5) yielded the influence exerted ( r d −   ) and received ( r d +   ) for each factor, as shown in Table 4 . Furthermore, according to the total influence matrix  T between factors, we derived the total influence matrix between dimensions by averaging the degrees of influence of factors within each dimension (Table 5) . From Table 4 , it can be seen that labor (C 12 ), free port zone (C 33 ), and internationaliztion (C 42 ) value shows the total degree of influence within the system. A large value indicates an element that will affect other dimensions (or factors) as well as the degree that it is affected by other dimensions (or factors). Thus, the ( r d +   ) value plays a pivotal role in the system. According to the total influence matrix and Table 5 , the system can be visualized by drawing an INRM of the four dimensions, as illustrated in Fig. 1 . In the INRM, we used the ( r d +   ) values from Table 5 Table 4 dimensions. Because the government (D 2 ) and management (D 5 ) are the causes of the system, they will affect other dimensions more than they are affected. To further explore the network relationship of government (D 2 ) and management (D 5 ), the INRMs for those two dimensions are used ( Fig. 2 and 3) . Fig. 2 indicates that administrative efficiency (C 21 ) will affect the preferential program (C 22 ) and adequate regulation (C 23 ). The preferential program (C 22 ) will influence adequate regulation (C 23 ). Therefore, administrative efficiency (C 21 ) is the causal factor of the government (D 2 ) subsystem. Similarly, Fig. 3 shows that professional personnel (C 53 ) will affect operation model (C 51 ) and enterprise recruitment (C 52 ), which is a causal factor in the management (D 5 ) subsystem. 
Calculate the influence weight
The applied DANP method, which combines the DEMATEL technique with the concepts of ANP, can be used to calculate the weights of the factors. Using Eqs. (13-17), we can convert the total influence matrix into an unweighted supermatrix. The traditional ANP method assumes the degrees of influence between dimensions are equal, and dictates that the process must divide the unweighted supermatrix by its number of dimensions so that columns sum up to 1. However, this assumption could be unreasonable because, as can be observed from the results of Table 5 , the degrees of influence between dimensions may differ. Therefore, using Eq. (18) to develop the weighted supermatrix, we can raise the supermatrix to its limiting power by Eq. (19) to obtain the weights of various factors (global weights), as shown in Table 6 . The DANP approach allows us to derive the local weights of the assessment criteria at their respective hierarchical levels, and the global weights, which help to indicate the absolute weights of individual factors in the overall perspective. The results indicate that business environment (D 4 ), with 23% weight, is the most important dimension. Among the factors, internationalization (C 42 ) has the highest priority (12%), followed by industrialization (C 41 ), in terms of global weight. For the subsystem cost (D 1 ), the results indicate the labor cost (C 12 ) has the highest priority (42%) for enterprise considerations. 
Analyze the weighted gap to the aspiration levels
The weights derived from DANP are incorporated into a modified VIKOR analysis to evaluate the weighted gap in each factor. First, experts survey the performance values of Taoyuan Aerotropolis for each factor. However, performance levels are expressed as fuzzy numbers because of the vague and incomplete information that each expert has. Next, the weighted gaps of Taoyuan Aerotropolis can be calculated by following the steps of the modified VIKOR method, as described in Eqs. (21-23), for each factor and dimension (Table 7) . The results indicate how much the weighted gap in each dimension or factor must improve to reach the aspiration level. Table 7 also shows the BNP values obtained from Section 2.4 for comparison.
The results indicate that internationalization (C 42 ) and adequate regulation (C 23 ) have the largest weighted gap values (0.30), followed by preferential program (C 22 ) and industrialization (C 41 ) (0.28). Currently, these factors are behind schedule and must be accelerated for the coordinated development of Taoyuan Aerotropolis. The results also show that the airport (C 31 ) and air routes (C 32 ) have better performance levels with smallest weighted gap (0.12). Regarding dimensions, government (D 2 ) has the largest weighted gap (0.53) whereas infrastructure (D 3 ) has the smallest weighted gap (0.37). Notably, even the smallest weighted gap requires an increase of more than one-third to achieve the aspiration level, indicating that much room for improvement exists in Taoyuan Aerotropolis. This weighted gap analysis and the INRM provide useful information that can aid decision makers. The derived management implications are discussed in Section 4. 
End of Table 6

Discussion
The proposed hybrid model provides a systemic analytical model for developing a successful aerotropolis. The model not only considers the interdependencies among dimensions and factors but also includes the different degrees of influence among the dimensions. Linguistic variables and TFNs were applied in the model to cope with decision-maker uncertainties and yield a reasonable representation of the real world. Another advantage of this model, and one which constitutes the contribution of this study to the field, is that the INRM can reveal the optimal direction of improvement rather than merely ranking the weighted gaps in a modified VIKOR. For example, the direction of influence within the dimensions (Fig. 1) shows that government (D 1 ) and management (D 5 ) affect infrastructure (D 3 ), business environment (D 4 ), and cost (D 1 ). These results imply that government and management are key to developing a successful aerotropolis, and that the other dimensions are affected dimensions. Therefore, managers should focus on strengthening the role of government and raising the management abilities of Taoyuan Aerotropolis Company. The weighted gap analysis shows that government and management have the largest weighted gap values, as shown in Table 7 . More specifically, Fig. 2 shows the influence direction within the government subsystem. It indicates that administrative efficiency (C 21 ) affects preferential program (C 22 ) and adequate regulation (C 23 ). The preferential program is a crucial factor for attracting enterprises to the aerotropolis. Adequate regulation provides legal assurance for enterprises. However, both the preferential program and adequate regulation rely on administrative efficiency. Currently, insufficient regulation seems to be an urgent problem obstructing the development of Taoyuan Aerotropolis. The gap analysis confirms this by showing that adequate regulation has the largest weighted gap (Table 7) . Therefore, accelerating the legislation processes and providing a persuasive preferential program for enterprises should be the highest priorities. The subsystem of management (Fig. 3) offers another direction for improvement. Fig. 3 shows that professional personnel (C 53 ) constitute the key causative factor affecting the operational model (C 51 ) and enterprise recruitment (C 52 ). Although the Taiwan government established Taoyuan Aerotropolis Company to integrate and manage the different resources and departments, the optimal business model for the company is debatable. Thus, to recruit professional personnel from international markets should be the most essential issue for Taoyuan Aerotropolis Company. Professional personnel can enable the company to launch the business model that is most suitable for the situation in Taiwan and attract world-leading international companies to move into Taoyuan Aerotropolis.
The influential weights reflect the importance of factors for developing a successful aerotropolis. Table 6 indicates that internationalization (C 42 ) is the most important factor for developing a successful aerotropolis, followed by industrialization (C 41 ) and labor cost (C 12 ). This implies that the levels of internationalization and industrialization are crucial considerations when enterprises consider whether to invest in an aerotropolis. Labor cost is another essential component for any corporate investment decision. However, gap analysis (Table 7) shows that there are large gaps for internationalization and labor cost at the current stage of development of Taoyuan Aerotropolis. This means that Taiwan should further open its markets to attract international companies. Labor costs could be reduced by importing foreign labor. However, a more open market requires a reduction in government interference in foreign exchange and to allow international and domestic enterprises to more easily acquire land and capital. On the other hand, importing foreign labor could trigger protests from Taiwanese workers and increase the unemployment rate in Taiwan. Such side effects should be considered when any related decision is made. Figure 2 shows that either adequate regulations are required or a preferential program with an efficient administration. After the labor cost, analysis also shows the land issue to be of concern to the experts. Currently, the existing aerotropolis does not have sufficient space for more companies to move in. The government needs to incorporate some private land into the area. However, there is a balanced between fair compensation to private landowners to avoid resistance to the acquisition of their land while minimizing the financial burden on the Taoyuan Aerotropolis.
In the gap analysis, ground transportation (C 33 ) has the largest gap in the infrastructure (D 3 ) dimension. Transport infrastructure, as a facilitator of access, is recognized as fundamental to the development of the aerotropolis and the emerging airport metropolis. Access to and from the aerotropolis is important for various users, including airport, commercial, and retail workers inside the aerotropolis site, as well as logistics organizations picking up and delivering freight. At its current stage, Taoyuan Aerotropolis has satisfactory highway systems; however, it is yet to be linked to the Taipei mass rapid transport (MRT) system. Completing the MRT line as soon as possible could be a major challenge for Taoyuan Aerotropolis. Enterprise recruitment (C 52 ) is another factor with a large performance gap for Taoyuan Aerotropolis. Without enterprises resident within the aerotropolis, Taoyuan Aerotropolis will only function as a large airport and not as a true aerotropolis. According to the INRM of subsystem management (Fig. 3) , hiring more professional personnel in Taoyuan Aerotropolis Company could be one means of closing the gap. Because the aerotropolis concept has only existed for approximately a decade, Taiwan has few managers or experts who are acquainted with the concept. Taiwan may be able to recruit professional airport managers from other countries. Again, the above discussions demonstrate the usefulness of the proposed model, which not only identifies gaps in performance but also provides a direction for improvement.
Compared with traditional ANP methods, the DANP method provides more information, such as improved directions and visualization graphs representative of the cause and effect factors within the system. In the DANP method the weights are derived directly from the DEMATEL results thereby reducing the time-consuming pairwise comparisons involved in the original ANP calculation. The modified VIKOR gap analysis has several advantages over other similar methods. It considers different definitions of distance and replaces the relatively good concepts with the aspiration level. For example, our results show that airport (C 31 ) has a weighted gap of 0.12, but with the original VIKOR method, this factor has an almost zero gap. Our results indicate that there are currently areas for improvement at the airport to achieve the aspiration levels, while the original VIKOR implies that the current situation is satisfactory. The proposed method seems more reasonable than the original method in today's competitive markets.
Conclusions and remarks
As an airport develops into an aerotropolis, it expands its operational management functions to include nonaeronautical functions. Major airports around the world have actually established commercial real estate divisions to develop landside areas and foster commercial development beyond airport boundaries. Numerous countries seek to promote economic development by answering two questions: What are the key factors for successful aerotropolis development and what are the gaps that a developing aerotropolis must fill? Our model improves upon prior methods that neglect the interdependence of the factors and the uncertainties of expert opinions. Our discussion centers on aspiration levels and weighted gaps to show a path to improvement rather than an oversimplified ranking of factors. Weighted gaps are also a convenient means to observe items that perform poorly so that improvement strategies can be prioritized. Our results indicate that internationalization, industrialization, and labor cost are the key factors for developing a successful aerotropolis. However, according to the INRM, shortfalls in administrative efficiency and professional personnel cause major problems. We also made suggestions regarding the development of Taoyuan Aerotropolis according to the gap analysis and INRM.
Although the present study makes some contributions to the field of research, limitations remain. Our study applies a general model to the specific case of Taoyuan Aerotropolis, and thus our conclusions are only one specific portion of our model. Data from other countries could be used to test our model. Furthermore, historic airport designs date back to a time before air travel had its current economic significance; thus, historic airport designs are more static than are those of aerotropolese, which are dynamic phenomena guided by forwardlooking concepts. The future development of aerotropolises will be driven by further global integration and a requirement for speed; the current model is only a starting point in considering these factors. A future longitudinal study could allow the investigation of our model across different time periods and comparisons between the demands of different times could provide more insight into aerotropolis development.
APPENDIX
The initial direct influence matrix 
